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Detection, Burden, and Impact

PEERREVIEWED

Risk of SARSC0\£2 Reinfection

Knowing he duration of protection conferred by primary SAR&®VY2 infection might inform better guidelines for
managing contactdut this has yet to be assessed in the general pafiah.

A. Assessment of SARS0VL2 reinfection lyear after primary infection in apopulation in Lombardy,
Italy. Vitaleet al. JAMA Internal Medicim(May 28, D21).

Key findings:
1 Cumulative incidence of SARSV2 infection was significantly lower among previously infected persons
comparedwith those with no prior infection (HR 0.06, 95% CI @@B) (Figure).
0 0.31%(95%CI0.03%0.58%)were reinfeced compared with3.9% (95% CI 3.542%)who
developed primary infection.

Methods: Incidence of SARS0V2 primary infection and reinfection was determined among 15,075 persons who
had diagnostic SAR®V2 PCR testing between February anty 2020 in Lmbardy; Italy. Persons were followed

until February 2021Rei nf ect i on was defined as a second positive
infection and =2 consecut ilhinmdtations fudytwasvperformegeiareo b et ween

widespread circulation dBAREC 0,2 variants.
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Note: Adapted from Vitalet al. Cumulative incidence of SARSV2 infection among persons witho previous SARE0V2
infection (n =13,469)and those withprior infection orreinfection (n =1,579) shaded areas represent 95%.Clsensed under
CC BY.

B. Risk of reinfection after seroconversion to SARSV2: A populationbased propensityscore
matched cohort studyLeidiet al. Clinical Infectious Diseaseddy 27, 2021).

Key findings:
1 Aftera mean o8 monthspostserological testingpersons with antibodies to SAR®\2 were less
likely to develop SARS0V2 infection compared with those without antibodies (HR 0.06, 95% C{ 0.02
0.14).
0 1% of seropositivpersons were reinfected compared with 5% of seronegative persons.

Methods: Sepprevalence study conducted between April and June 2020 in Geneva, Switzerland. Persons with
antibodies to SARS0\,2 spike protein (n = 498) were matched 1:2 to seronegatorgrols (n = 996vith a mean
follow-up of 35 weeks to determine the risk of S&R0V2 infection. Reinfection was defined by a positive PCR
test and clinical investigatiohimitations Potential for undercounting cases; study was performed prior to
widespread circulation of variant viruses.

Implicationsfor Leidiet al. and Vitaleet al.: Both studiesuggest thaSARE0\/2 reinfections are rare events and
that personswho haverecovered fromCOVIBL9 have minimal risk of reinfectidor at least 8 maths after the
primary infection the data on reinfection due to variants is still emerging

SARSC0oVF2 variants of concern partially escape humoral but notéll responses in COAD®
convalescent donors and vaccinedSeerset al. Science Immunology (Map22021).

Key findings:
A2"doseof Pfizer/BioNTecBNT162bXacchation:
0 Wasneededto boost antibodyresponses irt8ARE0V2 naivehealthcare workergHCW)
(Figure)
o Did notfurther boost antibody responseisi COVIEL9-recovered participantgFigure)
1 Afterfull vaccination
o Neutralizing antibody to B.1.351 wast® 4-fold lower compared to wildype SARE0\V2
(Figure).
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0 CDA4+ Tcell responses were observed in 5/7 COY®haive andl0/12 COVIEL9-recovered
participants.
A CD4+ T cells responded similarlyatitd-type, B.1.1.7, and B.1.351 variants.
A CD8+ T cells were detected in too few participants to do further analysis.

Methods: From January 2021 onwards, healthcare workers in telétlands were included in a prospective
vaccination study. All participasteceived doses of thePfizer/BioNTeclBNT162b2 mRNA vaccine witB-aweek
interval between dosesand followedfor 23 weeks postvaccination Antibody testswere performed on saples
from 98 SAREC0V2 naiveparticipantsand 23 recovered fromCOVIBELY; 25 participantswvere assessed for
antibody responses to variants and 19 were assessed-¢etl Tesponsed.imitations Small sample size; most
participants were female.

Implications; Patients recovered from COVID mount strongantibody responses following a singidRNA
vaccine dosesimilar toresponsesamong peoplavithout COVIEL9 infection aftettwo vaccinedoses While
antibody responses teomecirculatingvariantsare redued, CD4+ Tcellmediatedresponsego vaccination or to
previous infectiordo not appear to beeducedagainst these variantsnd might contribute to protection
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Note: Adapted fromGeerset al. SARE 0\ 2-specific humoral responses. Antibody diimy to WT SARSoV2, B.1.1.7 and
B.1.351 was determined by endpoint titration in ELISA in COYERE (n = 12)andrecovered(n = 13)donorsbefore and
after vaccination Symbol shapes indicate individual dondrg.< 0.05, **p < 0.01, ***p <0.001**** p < 0.0001Permnission
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COVIBE19 case investigation and contact tracing in the US, 20Z4shet al. JAMANetwork Open(June
3, 202).

Keyfindings:
1 Of 74,185 personBaving SARGS0V2 infectionreported to health departments (HDs), 43,931 (59%)
received case interviews and 24,705 (3¥¥avidedcontacts.
o Basedon contactinformation from6 of 8 HDspositive test prevalence amor@ntactswas
higher than the general population (prevalence rafiBR] 1.217.6).
1 All 14HDsfaced challenges regarding timely collection and communication of relevant information that
included insufficient personnel, unlinked databases, and incompleta.da
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Methods: A crosssectional study, over 4 weeks, that included 13 health departments and 1 Indian Health Service
Unit (“health department8) in 11 states and 1 tribal nation. Participants included all individuals with laboratory
confirmed COVI9 and heir named contacts. Trends for each study location were based on the mean weekly
percentage change in incidendamitations Investigators colal not directly assess theffectiveness of contact

tracing effective contact tracing is dependent on transnivssintensity, as well as resources available.

Implications While contract tracing was a higheld activity when successfigwer than 60%of cases could be
reached or named no contacts when interview@therefore, contact tracing/as unlikely to havedd a major
impact on SARS0V2 transmission.

Prevention, Mitigation and Intervention Strategies

PEERREVIEWED

Neutralisingantibody activity against SARGo\V2 VOCs B.1.617.2 and B.1.351 by BNT162b2
vaccination.Wallet al. Lancet (June 3, 2021).

Key findings:
1 2doses of thePfizefBioNTech BNT162b2 vacceleitedlower neutralizingantibodytiters (NAbT)
against SARSo\,2 variantscompared to wildtype SARE0V2 (Figure), showing:a
o 2.3fold (95% CI 1:2.6)decreaseagainst D614G.
o 2.6-fold (95% CI 2:3.1) decreasagainst B.1.1.7.
0 4.9fold (95% CI 4:8.7) decrease againBt1.351.
o 5.8-fold (95% CI 5:8.9)decrease against Bal17.2
1 Olderage correlatedvith reducedNAbT against wiktype SARSC0V2 and all variants
1 Compared with 2 doses, NAbTs followingakewere significantly lowerand median NAb#&gainst
B.1.351andB.1.617.2vere below the quantitative limit of detection.

Methods: Serum samplefom a SARE0\2 longitudinal study among UK healthcare workigrs 250)in January
2021 were tested for neutralization againsild-type and four variantsD614G, B.1.1.7, B.1.351, and B.1.617.2.
Neutralization was compared after eithémdose (n=149)or 2 doses (n=159) of PfizeBioNTectBNT162b2.
Limitations Small sample size and singd¢hnicity participants.

Implications These findings suggest reduced vaccine efficacy against B.1.3®RL1a6l7.2 particularly afterl
dose and in older adult&accination strategies that promofdose protection should be prioritized.
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Permission request in process

Symptomatic acute myocarditis in seven adolescemiidwing PfizeeBioNTech COVH19
vaccination Marshallet al. Pediatrics (June 1, 2021).

Key findings:
1 7 USbased adolescermmales developed myocarditis or myopericarditis within 4 daygcéivingthe 2"
dose of Pfizer/BioNTech BNG2b2
o None had ewence of acute SARSV2 infection and had negative SARSOV-2 antibodytests,
suggesting no prianfection.
o None met criteria for multsystem inflammatory syndrome in children
o Alldiagnostic evaluationfor myocarditis etiologies are negative
o0 Allcases were mild and responded quickly to minimally invasive therapy

Methods: Case series aflinical myocarditis and myopericarditis in-1d 19-yearold males after receipt a2
dose of PfizdBioNTechBNT162bXaccine All patients were vaccinated April or May 2021. Myocarditis was

diagnosed based on cardiac MBhitations Case identification was not systematimt possible to exclude all
alternative etiologies.

Implications Postvaccination myocarditigs seen here and in a similar casdes bySnapiriet al, should be
reported to national surveillance systems such as\thecine Adverse Events Reporting System, wihialid allow
prompt investigation of sporadic clinical reparfhe authors andn accompanyingditorial byO ' L eamadr vy

Maldonadoemphasize thathe benefitsof vaccinatioragainsthighly transmissible and potentially fatal SARS/
2 infectionclearly outweiglrisks
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PREPRINTSIQT PEEREVIEWED

Emerging SARS0\f2 variants of oncern evade humoral immune responses from infection and
vaccination Canielset al. medRxiy(June 1, 20211

Key findings:
1 Hospitalized convalesce@OVIBLY patients and recipients éffizerBioNTechBNT162bZaccine
produced sufficient antibody titersotneutralize pseudoviruses of B.1.1.7, B.1.3%1d P.1(Figurel).
1 Among unvaccinated, nenospitalized convalescent casssra from 39% (16/41) were unable to
neutralize B.1.351 and 34% (14/41) were unable to neutralizéFglire ).
1 Neutralizing antiody titers were lowein persons with mild SARS\2 infection compared with other
groups, particularhagainst B.1.351 anl.1(Figure 2).

Methods: A ohort studymeasuring neutralizing antibodies in sera fré& SARE0V2 infected adultst-6 weeks
after symptom onse{41 with mild infection, 28 hospitalized with COMI®) and 50 health care workersweeks
after seconddose of PfizeiBioNTechBNT162b2in the NetherlandsbetweenMarch 2020and January 2021.
Limitations Only 8% of participants over @g0;did not examine immune effector functions other than virus
neutralization

Implications Persons with mild SARRV2 infectionmight notdeveloprobust neutralizing antibody responses or
protective immunity against aditrains of infection, underseimg the importance of vaccination even in previously
infected individuals.

Figurel:
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expressing the spike protein from witdpe (WT) SARSOV-2 and 3 variants in sera from ndwspitalized persons infected

with SARE0V,2, hospitalized COVADD patients, or fully vaccinated persoiB50: hakmaximal neutralizing dilution.
Used by permission of authors
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Theindirect effect of mMRNAbasedCOVIE19 vaccination on unvaccinated household membeSalo
et al. medRxiv (May 29, 2021).

Key findings:
1 After 1 dose ofmRNA vaccineeffectiveress increased over time for both vataied individuals and their
unvaccinatedspouses (Figure).
0 Among vaccinated individuals, the relative risk reduction was 26.8% (95%0642. B4 2
weekslater and 69.0% (95% CIl 5%26.30 10 weekdater.
0 Among unvaccinated spouses, the relative rigkution was 8.7% (95% @2B.9%-35.4%) 2
weekslater and 42.9% (95% CIl 22:58.1%) 10 weekdater.

Methods: Data from a mass vaccination program in FinlaetiveenDecember 202@nd March 24, 2021 looking
at the effectiveness of mRNBasedCOVIBL9 vaccies in reducing the cumulative risk offéction among
vaccinated healthcare workefa = 95,138and their urvaccinatedspouses (n = 52,768 ffectiveness estimates
were reported by followup week after receiving the first doskeimitations The extent otontact of spousswith
SAR&E 0Vf2-infected individuals isinclear.

Implications mRNAbased vaccines not onfyrevent SARE0V2 infections among vaccinated individuals but lead
to a substantial reduction in infections among unvaccinated household mesnber
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Note: Adapted from Sl et al. Vaccineeffectiveness in reducing risk for vaccinated individu@lg panel) and their
unvaccinated spousebdttom panel). Time (axis) is weeks after first dose of mRha#sed vaccine. Relative risk retioa (y
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Genomiccharacterization and epidemiology of an emerging SARS/2 variant in Delhi, IndiaDharet
al. medRxi(June 3, 2021).

Key findings:
1 COVIBEL9 cases exponentially increased in India in April 20#th expansion ohighly transmissible
B.1.617 variantscompared to earlier in the pandemic
91 Despite high case burden, case fatality rate was significantly reduced during this time frame.
1 Of27breakthrough infections following vaccinatiot® were B.1617.2,6 were B.1, and 2 were B.1.617.1

Methods: Records of all tests performed, positive cases, positivity rate and deaths, were accessed theough
Integrated Disease Surveillance Programlat National CDENCDCYf India Sequence data from >9000m3ples
were usedo characterize the epiemiology ofsequential SARGoV2 wavesin Delhibetween November 2020 and
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May 2021 Samples fron27 vaccination breakthrough casas NCDQvere sequenced Limitations Unable to
review data from all COVii2lated deaths during the study period.

Implications: Findings suggest that the recent wave of COIA0n India was largely due to emergence of a more
transmissible variant8.1.617.2

Heterologous ChAdOx1 nCed and BNT162b2 prinpoost vaccination elicits potent neutralizing
antibody responses and T cell reactivi@rofRet al. medRxiJune 1, 2021).

Keyfindings:

1 Compared with participants receiving 2 doses of the sameivacparticipantseceiving a mixed
vaccination regimerhad higher neutralizing antibodiiters againstB.1.1.7, B.1.351, and B.1.617 variants
(Figure).

1 19/19 participants had CD4*cellresponses and7/19 had CD8+-Eell response? weeks aftemixed
prime-boostvaccination.

Methods: Amixed COVIEL9 vaccine scheduleomprised ofOxford/AstraZeneca ChAdOxdose 1 = prime)
followed 8 weeks later witlPfizef BioNTectBNT162bZdose 2 = boostvascompared to two doses of
Pfizer/BioNTech ig6 adults aged?5-46 years in Germanya cell responss were measure in all participants and T
cell responses in a subset of glrticipants.Limitations Small sample size; limited to younger adults; did not
compare different vaccination intervals.

Implications Amonghealthy young adults, tterologous prine-boost vaccination resulted in high immunogenicity.
These findings suggest a role for interchanging adenoviral and mRNA vaccines in areas of vaccine shortage.
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Note: Adapted fromGroRet al. Halfmaximal wvius neutralization titers (PVNT50) agsti pseudovirus expressing spike protein
from B.1.1.7,B.1.351,andB.1.617variants with a mixed vaccine or 2 doses of the same vaccine, 14 days"afies@ g). Bars
represent median PVNT50 values per grdugedby permission of author.
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Phetsouphantet al. Immunological dysfunction persists for 8 months following initial mildoderate SARS
CoV2 infection. medRxiv Preprint;June 3, 2021). prospective cohort 081 persons in Austiéa with long
COVID followingsymptomatic SARS0V2 infection showed elevated serum levels of 15 proinflammatory
mediators (cytokines and chemokines) that were not obselinedOVIEL9 survivorswithout long CO\D or
persons recovered from other coronaws or viral infections.

Aminianet al. Association ofobesity with post-acute sequelae of COID-19 (PASCPiabetes Obesity and
Metabolism (June 1, 2021Among2,839 SARE 02 patientsthat did notinitially require hospitakzation,
patients withbody mass indexBMI) >40 (HR 1.30, 95% CI 11069 ) or BMI 3835 (HR 1.28, 95% CI 1.05
1.56)had increased risk of hospitalizatiamomparedwith patients with a normal BM[L8-24),at a medianof 8
months after a positive test
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Note: Adapted from Aminiaret al. Hazard ratios (HR) for risklebspitalization, mortality, andadditional diagnostic esting
by body mass index (BMI) 8 montfi$er a positive SARS0\,2 test.Permission request in process

HagAliet al. The detection dogs test is more sensitive than réahe PCR in seening for SARE0V2.
Communication®iology(June 3, 2021). Dogs trained to idenpRS 0\ 2-infected individualsising
olfactory signalgorrectly identified3,246 of 3,272 PCRhegativepersons(specificity = 99.2%gnd 150f 18
PCRpositive persons (seit&vity = 83.3%pamong a group of 290randomly selected adult males in Abu
Dhabi.
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Note: Adapted fom HagAlj, et al. Trained sniffer dogs and trainers worked as teamsolfactory test apparatus is visible
in the backgroundLicensed under CC BY 4.0.

Prevention, Mitigation, andIntervention Stategies

1

Takuveet al. Thromboembolicevents in the South African Ad26.COV2& cinestudy. NEJM (June 2, 2021).
Interim safety databetween February 17 and April 12021, from 288,368 healt care workers reported only
5 thromboembolic events in participants receiving the Janssen (Jot&gohnson) AD26@\2.S vaccine, or
1.7 per 100,000 participants. All were in womergf4vhom had risk factors for thromboembolism; there was
1 fatality.

Patelet al. Association osimulated COVIBL9 vaccination and nonpharmaceutical integations with
infections, hospitalizations, and mortalityJAMA Netwrk Open (June 1, 2021). A decision analytical model
incorporating social inequitiund that stopping NPIs during vaccine distribution substantially increased
infections, hospitalizations,na deaths. As NPIs were removed, higher coverage with less effeetboines
would reduce risk more thalower coverage withmore effective vaccines

Rawet al. Previous COVI29 infection, but notlongCOVID, is associateditiv increased adverse events
following BNT162b2/Pfizer vaccinatiodournal of Infection (May 29, 202Thepercentage of healthcare
workers(n = 974Yyeporting moderate and severe sympis after the first dose of Pfizer/BioNTech BNT126b2
vaccine was graar among participants with a previous history of CO¥#zomparedwith participants with

no history of COVHD9 66% v 47%, OR: 1.5 [95% Ci2Q]). Symptomsfollowing vaccinatiorwere not more
likelyin individualswith, compared to withoutjJong COVID
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mostly within 24 lours (75%) with no onset >48 houRermission request in process

Kuet al. Nasal delivery of an IgM offers broad protection from SAR8V2 variants Nature (June 3, 2021).
Using a mose model of SARE0V2, anIgM antibody (IgML4) engineered for intranasatiainistration
potently neutralizedB.1.1.7, P.1, B.1.351, and 21 other variant RBDs, many resistantrtwtg@lonal
antibodies authorized for emergency use. lgh was >230fold more potent than its parental Ig®4 in
neutralizing B.1.1.7.

Social, Behaviorabnd Communication Science

1

Teasdalest al. COVIDL9 testing among children, pantal preferences for testing venues and acceptability
of schootbased testing: a survey of US parenmedRxiv Preprint;May 29, 2021). In aationalonline survey
of 2,074 US parents conducted in March 2021, 50.6% of parents said they would alloyotingjest child to
be tested for SARG0V2 at school or daycarié required 33.5% said they would not allow schdmsed
testing.The preferred testingenuewaspediatrician s of f i c e.

Disclaimer: The purpose of the CDC COVID-19 Science Update is to share public health articles with public health agencies and departments
for informational and educational purposes. Materials listed in this Science Update are selected to provide awareness of relevant public
health literature. A material’s inclusion and the material itself provided here in full or in part, does not necessarily represent the views of the
U.S. Department of Health and Human Services or the CDC, nor does it necessarily imply endorsement of methods or findings. While much
of the COVID-19 literature is open access or otherwise freely available, it is the responsibility of the third-party user to determine whether
any intellectual property rights govern the use of materials in this Science Update prior to use or distribution. Findings are based on research
available at the time of this publication and may be subject to change.
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